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Abstract— Herein, we have successfully prepared Poly (3,4- ethylene dioxythiophene)/Fe3O4 composites
by in-situ polymerization method . Initially, the as prepared magnetite nanoparticles were dispersed in
the monomer using sonication process. Ferric chloride was used to initiate the polymerization reaction in
aceto nitrile medium. The prepared nanocomposites were studied for its structural, microstructural,
thermal, optical and magnetic properties.X-ray diffraction (XRD) study confirmed the formation of the
PEDOT/Fe3O4 nanocomposites. SEM micrographs showed an increasing trend of the particle size with
the increase in Fe3O4 content, which may be due to the effect of agglomeration at higher Fe3O4 content.
The thermogravimetric analysis exhibited that the thermal stability of the nanocomposite was found to
increase with the increase in Fe3O4 content. The saturation magnetization of the nanocomposites was
found to be enhanced with the increase in Fe3O4 content. The results in this study indicated that the
nanocomposite can be useful for information storage applications.
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INTRODUCTION
In recent few years, Polythiophene and its
derivatives have attracted a lot of attention of the
researchers because of their excellent chemical and
physical properties [1- 6].Among the derivatives of
polythiophene, poly (3, 4- ethylene dioxy
thiophene) (PEDOT), is one of the most attractive
and widely investigated conducting polymer
because of  its low band gap, excellent
environmental stability, high electrical conductivity
and transparency in thin oxidized films. Since the
discovery of PEDOT in 1989, many studies have
been carried out on PEDOT. PEDOT has been
extensively investigated by various research
groups, mainly for the exploitation of its interesting
physicochemical properties, such as high
conductivity, humidity/gas sensing, redox potential,
ion-exchange, excellent environmental stability and
ease of preparation from common chemicals [6-
12]. However, even though PEDOT possess
excellent properties still in order to make it suitable
for various other applications modification of the
properties by doping with nanoparticles have been
suggested [13-16].
Incorporation of nanoparticles (NPs) into polymers
has long been established as an effective,
controllable and reliable method of tuning and
tailoring the mechanical, magnetic, electrical,
optical, thermal and other properties of polymers.
The obtained composite materials have superior
properties, such as magnetism and conductivity.
Nano-inorganic particles were usually coated by
polymers to prevent agglomerating due to their
high surface activity [17-18]. Among the
nanoparticles magnetite (Fe3O4) has attracted a lot
of attention because of having wide range of
applications such as in magnetic storage devices,
catalysis, sensors, and high-sensitivity
biomolecular magnetic resonance imaging (MRI)
for medical diagnosis and therapeutics. Even
though magnetite nanoparticles possess excellent
physical properties. However, the nanoparticle
alone cannot be used for applications like
electromagnetic interference shielding, information
storage, microwave absorbing devices and
biomedicine. These applications require the
material to be flexible. Therefore, various attempts
have been made to synthesize ceramic-polymer
nanocomposites. Since the development of
magnetic materials, considerable research effort has
been made to incorporate magnetic materials into
conjugated polymers to produce novel magnetic
and electrically conducting organic/inorganic
hybrids, which can be further applied in
electromagnetic interference shielding, information
storage, microwave absorbing devices and
biomedicine[9-10]. Han et al reported that
Fe3O4/PANI microspheres can be used for the
removal of Cr ions. They also studied the magnetic
properties and found to possess super paramagnetic
behavior even after the preparation of
nanocomposite [19]. Though there are few reports
on the synthesis of PANI-magnetite
nanocomposites but there are no reports on the
PEDOT-magnetite nanocomposites. Lee et al
studied the polyaniline–polystyrene
sulfonate@Fe3O4 nanoparticles [20]. They reported
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that the material exhibited excellent colloidal
stability in water and favorable electrical
conductivity of approximately 0.08 S cm−1.
Various techniques have been developed to prepare
conducting magnetic nanocomposites, including
the direct precipitation of iron salt in a solution of
conjugated polymer [21-23].In situ synthesis of
conjugated polymer via an oxidative or
electrochemical procedure in the presence of well-
dispersed magnetic nanoparticles and the
simultaneous gelation of iron oxide and
polymerization of monomer [25-26]. However,
most composite particles that are prepared by these
processes typically have a wide size distribution
and contain multi-particle aggregates of iron oxide,
producing an uncontrolled structure and
unpredictable material properties[27-28].
Therefore, in the present work the Fe3O4/PEDOT
nanocomposites were prepared by using refluxing
method. The material was studied for its structural,
micro structural, thermal, optical and magnetic
properties by using various characterization
techniques [29-30]. Finally, an attempt has also
been made to correlate the above properties.
EXPERIMENTAL DETAILS
A. Preparation of Fe3O4 Nanoparticles
The reagents used for chemical synthesis of iron
particles were FeCl3⋅6H2O, FeSO4⋅7H2O and
NaOH. The wet chemical synthesis of Fe3O4
nanoparticles was based on hydrolysis of Fe3+ and
Fe2+ salts in the presence of NaOH.FeCl3 (2M) :
FeCl2 (1M) dissolved in equal volume of distilled
water, then stirred for 30 min at room temperature.
In the reaction mixture, NaOH was added drop
wise  and the pH of the solution was adjusted to ~
11-12. Finally, black precipitate was obtained
confirming the formation of Fe3O4. These particles
were then separated out from the solution by using
a strong magnet and then were washed many times
with distilled water .The precipitated magnetite is
black in color .The powder was then dried in hot air
oven at 100°C for overnight. The overall reaction
can be written as;
Fe2+ + 2Fe3+ + 8OH- → Fe3O4 + 4H2O
………………………….. (1)
B. Preparation of Fe3O4-PEDOT
Nanocomposites
The PEDOT layer was prepared by in situ chemical
oxidative polymerization. First (0.1, 0.15, 0.2, 0.25
g) of as-prepared Fe3O4 were dispersed in 40 ml of
acetonitrile by agitation and ultrasonic treatment
and then transferred into a flask. Moreover, a
certain number of EDOT monomers (0.0035 M)
were added and stirred with reflocculated Fe3O4 for
1 h to ensure complete mixing. Additionally, a
given amount of oxidizing agent (2 times of EDOT
monomers in molar ratio) FeCl3 (0.007 M)  was
dispersed in 40  ml of acetonitrile,then added drop
wise and kept under refluxing condition at 86 °C for
12 h. Then the products were washed repeatedly
with ethanol and deionized water, and the powder
was dried at 60 °C for 12 h [31].
C. Characterizations
The Fe3O4 nanoparticles were analyzed for phase
composition using X-ray powder diffraction (XRD,
Bruker-axs D8 Advance) over the 2θ ranges from
20–70°, using Cu-Kα radiation (1.5408 A˚). The
surface morphology of the samples were taken by
using JEOL JSM 6480 LV scanning electron
microscope (SEM). Optical properties were studied
by using UV CARY 100 Scan UV-Visible
Spectrophotometer. Magnetic properties (M-H
curve) were measured with a vibrating sample
magnetometer (VSM, Quantum Design) at room
temperature.
RESULTS AND DISCUSSION
Fig.1 Shows that the XRD pattern of pure PEDOT
and PEDOT-Fe3O4 nanocomposites. It has be seen
that the presence of a broad amorphous peak ~ 25
degree in all the samples confirms the formation of
PEDOT as well the presence of PEDOT in all the
composites. The rest of XRD peaks are indexed by
matching with the standard XRD pattern of Fe3O4
(JCPDS Card No: 88-0315), which further
confirms the formation of PEDOT-Fe3O4
nanocomposite. It has been also observed that with
the increase in Fe3O4 content the intensity of the
magnetite peaks are increasing whereas the
amorphous peak is decreasing, which indicates the
increase of crystalline nature of the
nanocomposites.The average particle size of
nanoparticles was estimated based on Scherrer
correlation of particle diameter (D) with peak width
for Bragg diffraction from ideal single domain
crystallites L= kλ/(βcosθ). The average size of the
Fe3O4 particles calculated from the width of the
diffraction peak according to the Scherrer’s
equation is ~ 70 nm.
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Fig.2 Depicts the SEM micrographs of the pure
Fe3O4, pure PEDOT and PEDOT-Fe3O4
nanocomposites.In figure 2(a) it can be clearly seen
that the shape of the pure Fe3O4 nanoparticles were
spherical with particle size in the range of ~ 70-80
nm which are more or less uniformly distributed
throughout surface. The shapes of the nanoparticles
are mostly spherical in nature while very few
relatively large particles are observed which may
be due to the effect of agglomeration.  Figure 2 (b)
shows the SEM images of the PEDOT nano form.
The morphology of the polymer material shows
that the PEDOT nanoparticles formed are of
uniform size. From Fig. 2 (c- f), it can be seen that
Fe3O4 nanoparticles are uniformly embedded in the
polymer matrix. However, it can be clearly seen
that the agglomeration of the particle is clearly
visible at higher loading percentage of Fe3O4
nanoparticles.
Fig. 3 shows TG curves of the pure PEDOT and
PEDOT/Fe3O4 nanocomposites. It can be seen that
for pure PEDOT complete degradation of polymer
occurs ~ 650 oC but with the incorporation of
magnetite nanoparticle the degradation temperature
was found to be shifted towards the higher
temperature, which may be due to the higher
degradation temperature of the magnetite
nanoparticles. Hence, with the incorporation of the
magnetite nanoparticles the thermal stability of the
material is increased.
To determine the optical properties, the UV-Vis
Spectra of the PEDOT- Fe3O4 nanocomposites
were collected and are shown in Fig.4.It can be
observed that with increase in  Fe3O4 content the
absorption peak is shifted towards the higher
wavelength side i.e. red shift is observed. This may
be due to the fact that with increase in the Fe3O4
content the agglomeration of the particle occurs
which in turn decreases the band gap hence
absorption peak shifts towards the higher
wavelength side.
Fig.5 shows the magnetization vs magnetic field
loops of the pure PEDOT and PEDOT/Fe3O4
nanocomposites. Development of saturated loop
confirms the magnetic nature of the samples.
Usually, in case of pure ferromagnetic samples, a
remnant magnetization and coercive field is
observed but in this case no such behavior is
observed. Hence, these samples show super
paramagnetic behavior.
The saturation magnetization (Ms) is found to be
strongly dependent on the amount of Fe3O4 content
in the composite. It can be seen that for pure
magnetite it is found to be ~ 65 emu/g whereas for
the nanocomposite which contains 0.1 g magnetite
the value of Ms decreases to ~ 20 emu/g. The
decrement in the value of Ms is may be due to the
nonmagnetic nature of the polymer. However, with
further increase in magnetite content the value of
Ms increases to ~ 30 emu/g.
The increase of Ms Value with the increase in
loading percentage of BFO nanoparticles can be
explained by the following equation:
Ms= Φms --- ----------- (2)
Where Ms is related to the percentage of BFO
nanoparticles and the saturation moment of a single
particle (ms). The magnetization measurement
1 μm
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indicated that the nanocomposite can be used for
information storage applications.
CONCLUSIONS
In this report, we have successfully prepared Poly
(3, 4- ethylene dioxythiophene)/Fe3O4 composites
by in-situ polymerization method for the first time.
The presence of broad peak of PEDOT at lower
angle and sharp peaks of magnetite at higher angles
in the XRD pattern confirmed the formation of the
PEDOT/Fe3O4 nanocomposites. SEM micrographs
showed an increasing trend of the particle size with
the increase in Fe3O4 content, which may be due to
the effect of agglomeration at higher Fe3O4 content.
The particle size of the pure Fe3O4 was found to be
~ 70- 80 nm. It was found that the Fe3O4
nanoparticles were uniformly distributed
throughout the surface of the PEDOT at lower
loading percentage of the Fe3O4 nanoparticles,
whereas at higher loading agglomeration of the
particles was observed. The thermo gravimetric
analysis exhibited that the thermal stability of the
nanocomposite was found to increase with the
increase in Fe3O4 content. The magnetic study of
the nanocomposites showed that all the samples are
super paramagnetic in nature. The saturation
magnetization of the nanocomposites was found to
be enhanced with the increase in Fe3O4 content,
which indicated that the nanocomposite can be
useful for information storage applications. It was
found that that for pure magnetite the value of MS
was ~ 65 emu/g whereas for the nanocomposite
which contains 0.1 g magnetite the value of Ms
decreased to~20emu/g. The decrement in the value
of Ms was may be due to the nonmagnetic nature of
the polymer. However, with further increase in
magnetite content the value of Ms increased to ~ 30
emu/g.
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